A novel magnetic force-driven noncontact triboelectric nanogenerator (TENG) for scavenging biomechanical energy to sustainably power-portable electronics is presented. PVDF fiber membrane with Fe 3 O 4 nanoparticles embedded, based on the electrospun, is employed as a triboelectric layer. A magnet is utilized as the trigger to drive contact-separation mode TENG in a noncontact way due to the magnetic responsiveness of triboelectric materials. TENG with a small dimension has a peak output power of 0.23 mW under a load resistance of 25 MΩ. It exhibits a good stability for the output and charging performance, so it can be utilized to charge energy storage devices and sustainably power some portable electronics.
Introduction
Due to the huge environmental issue from energy consumption of fossil fuels, harvesting green energy such as solar, wind, geothermal, and ambient mechanical energy has attracted much attention not only in academic pool, but also from industries. Traditional power supply methods with wires and batteries cannot fully meet the extensive requirement of portability of microelectronics [1] . By contrast, harvesting environmental energy, such as vibration, would be a potential way to address the issue.
Currently, three main types of triboelectric nanogenerator (TENGs), including vertical contact-separation type, in-plane sliding type, single-electrode type, have been developed. Note that all these TENG devices have to contact directly with external mechanical motions, such as punch, friction, and so on [2, 3] . Unfortunately, those external mechanical motions may lead to some unavoidable and uncontrollable problems.
For instance, the external mechanical motion in real world is very complex, including impact motion, rotation, and so on [4] [5] [6] . In this work, we propose and fabricate a 
Fabrication and measurement of the nanogenerator
An aluminum foil was fixed on the epoxy resin substrate, which served as both positively charged triboelectric layer and electrode of TENG. Then, the Al foil with a size of 
Results
To make triboelectric material having magnetic response, as-synthesized Fe 3 O 4 NPs were embedded into PVDF fibers by electrospinning as shown in Figure 1 (a). The electricity generated from the nanogenerator can be schematically illustrated in Figure 2 . At the first state, the PVDF fiber membrane fully contacts the surface of Al foil, when the magnet stays near the device due to the magnetic absorption by the Fe 3 O 4 NPs embedded in PVDF fibers (Figure 2(a) ). In this process, as Al is much more To evaluate the electricity generated from the TENG triggered by magnet under different distance between the device and the magnet, a liner motor is employed to simulate the separation-closing motion of the magnet to the generator as shown in 
Conclusion
In summary, a noncontact magnetic force driven triboelectric nanogenerator has been demonstrated, utilizing for scavenging biomechanical energy to sustainably power electronics during human doing daily natural movement. The nanogenerator has a peak output power of 0.23 mW, which can be driven in a noncontact way by a locomotive magnet. The nanogenerator has a small dimension and a good stability for the output performance. Based on design of magnetic force drive, the nanogenerator can be separated with external mechanical motion, which protects the device from degradation and contamination caused by direct contact between external mechanical motion and the device. Moreover, the nanogenerator can be utilized to charge energy storage devices and sustainably power some portable electronics such as digital watch and thermo-hygrometer. This work demonstrates a novel prototype of hybrid nanogenerators toward harvesting human biomechanical energy and its potential applications in building up self-powered systems.
Funding
This work was supported by the National Natural Science Foundation (51672220), the 111 Program (B08040) of MOE, the National Defense Science Foundation (32102060303), the Fundamental Research Funds for the Central Universities
